Background: Kathmandu Valley, which is a rapidly growing place in Nepal, was largely damaged by the earthquakes of April 25 (Mw 7.8) and May 12 (Mw 7.3). For taking measures against future large earthquakes, knowledge of the long-term earthquake history is crucial for future disaster prevention or disaster reduction. Results: Twelve seismites thicker than 0.2 m were identified from the Tokha Formation, the major part of which was deposited at about 20 -17 ka (calibrated
Background
The aim of this study is to describe sediments associated with earthquake tremor recorded within the sediment succession in the eastern Kathmandu Valley, central Nepal, and to estimate the recurrence time period of large earthquakes. The intensity and recurrence period of paleoearthquakes are generally estimated from the study of geomorphic features such as terraces formed by the uplift and analyses of active faults in trenches (e.g. Nakata, 1989; Wesnousky et al., 1999; Malik and Mathew, 2005; Malik et al., 2010) . These methods are not suitable for rapidly subsiding basins, because most geologic and geomorphic records left by earthquakes may have been subsequently buried by sediments or masked by inundations during rapid flooding of lake or sea water. Instead, the analyses of sedimentary successions, particularly soft-sediment deformation structures (SSDs), can be a strong tool for detecting the evidence of past earthquakes (e.g. Seilacher, 1969 Seilacher, , 1984 Agnon et al., 2006; Simms, 2007; Rossetti et al., 2011) and estimating the recurrence time of major earthquakes (e.g. Sims, 1973 Sims, , 1975 . Turbidites and debrites have also been used to estimate earthquake recurrence periods in marine and lake basins (Kastens, 1984; Ikehara, 2000) .
Within the Himalayan Range, knowing the history of paleoearthquakes is crucial in terms of disaster prevention. In particular, expanding cities in intermontane basins in the Himalayas, such as in the Kathmandu and Pokhara valleys, have been facing the problem of a possibility of the occurrence of large earthquakes. The recent rapid increase in population and expansion of urban areas, particularly within the Kathmandu Valley, resulted in large damages by Mw 7.8 and Mw 7.3 earthquakes occurred in April 25 and May 12, 2015, in central and eastern Nepal, respectively. If earthquakes with large magnitude like 1505's earthquake (cf. Ambraseys and Douglas, 2004) occurred around Kathmandu, the damage could be significantly greater than that for the recent earthquake events. Taking precautions against next large earthquakes is an urgent task for Kathmandu Valley.
SSDs associated with earthquakes are called seismites. Seismites in the Pleistocene succession of the Kathmandu Valley have been reported by several researchers (Gajurel et al., 1998; Gajurel, 2006 , Mugnier et al., 2011 . Gajurel et al. (1998) provided an excellent description of thick beds with SSDs, interpreted them as seismites, and inferred the earthquake intensity on the basis of the empirical relationship between seismite thickness and earthquake intensity on the MMI scale (Hibsch et al., 1997) . Mugnier et al. (2011) also showed evidence for mega-earthquakes based on seismites and compiled the history of earthquakes that affected the Kathmandu Valley after 1000 AD as well as some prehistoric earthquakes. These studies demonstrated the occurrence of earthquakes probably stronger than X on the MMI scale in the past.
Establishment of the long-term history of earthquakes within and around basins is crucial in order to detect the recurrence period of such large earthquakes, which assists with precautionary measures against future earthquake disasters. Kathmandu Valley, the target of this study, is a suitable place for the analysis of long-term earthquake history, because a thick basin-fill sediment succession formed between 10 and 50 ka is exposed on land, allowing easy access to the long-term sedimentary record.
Stratigraphy, chronology, and tectonics of the Kathmandu Valley

Stratigraphy and chronology
The Kathmandu Valley (Fig. 1a) is an intermontane basin developed within the Kathmandu nappe (e.g., Stöcklin and Bhattarai, 1977) and has been recognized as a piggyback basin (Sakai, 2001) (Fig. 1b) . The basin fill has been estimated to be more than 600 m (Moribayashi and Maruo, 1980) and is dated from the early Pleistocene (Sakai, 2001 ). The exposed part of the Pleistocene succession consists of the Gokarna (ca. 50-34 ka: based on uncalibrated 14 C ages), Thimi (33-24 ka), Tokha (19-14 ka), and Patan formations (14-10 ka) from the oldest to youngest (Sakai et al., 2008) (Fig. 2) . Black mud beds, defined as the Kalimati Formation (Kalimati means "black mud" in the Nepali), are widely distributed in the central part of the basin (Shrestha et al., 1998; Sakai 2001; Dill et al., 2001 ) and may interfinger with all the other formations (Sakai et al., 2008) .
The sediments of the Gokarna, Thimi, Tokha, and Patan formations show lithological similarities with each other. Alternating sand and silt beds of lacustrine deltaic origin characterize the major part of these formations, while the gravel-dominated sediments of alluvial fan or subaqueous slope origin are observed in the proximal parts of the Gokarna and Tokha formations (Natori et al. 1980; Yoshida and Igarashi, 1984; Sakai et al., 2001 Sakai et al., , 2006 Sakai et al., , 2008 Saijo and Kimura, 2007; Tamrakar et al., 2009) . The sediments of all formations are horizontal except those near the basin margin, where slope facies has been observed (Sakai et al., 2008) . The sediments form a series of depositional terraces in the central and northern part of the basin. The Gokarna and Tokha formations form the Gokarna Terrace. The Thimi and Patan formations constitute the Thimi and Patan terraces, respectively (Fig. 1a) .
In terms of the sedimentation of these formations and building of these terraces, Yoshida and Igarashi (1984) interpreted that deposition first occurred in the higher level of the basin ("Gokarna Formation" of their definition), and subsequently shifted down to the lower level of the basin (Thimi to Patan formations). The sedimentary sequence was recognized as having been associated with the long-term lowering of the lake level. Sakai et al. (2008) redefined the upper part of the above mentioned "Gokarna Formation" as the Tokha Formation based on abundant 14 C age data and the discovery of an unconformity within the previous "Gokarna Formation," suggesting that the lake level rose after the deposition of the Thimi Formation. Sakai et al. (2006) also discovered sediments demonstrating a rapid lake-level fall during the deposition of the Gokarna Formation at around 39 ka (Sakai et al., 2008 ). The reconstructed lake-level curve (Sakai and Gajurel, 2012) indicates several occurrences at different times of rapid lake-level fall events, probably caused by the destruction of the plug at the gorge of the basin outlet (Sakai et al., 2006 , Gajurel, 2011 . Therefore, lake formation within the Kathmandu Valley was interpreted as having been due to the plugging of the basin by a large-scale landslide at the gorge of the basin outlet. The Upper Pleistocene succession of the Kathmandu Valley can therefore be recognized as the fill of a dammed-lake basin.
Detailed description of depositional facies and their interpretation for these formations revealed the presence of thick (>10 m) delta-front deposits in the distal part of each formation (Dill et al., 2001; Sakai et al., 2001 Sakai et al., , 2008 . Thick delta-front deposits are characterized by foreset beds at ca. 30°inclination. The foreset beds contain small-scale sediment gravity flow deposits such as grain flows and debris flows as well as thin turbidites and graded very fine sand and silt deposits that are rich in mica flakes and were deposited from suspension fallout. Rare wave-generated sedimentary structures (such as wave-ripple laminations) were observed in the foreset beds: gravitational processes were the major driving force of sediment transport on the delta front. The deltas developed in the northern and eastern basin are therefore recognized as fluvialdominated deltas (cf. Bhattacharya and Walker, 1992; Bhattacharya, 2006) .
Tectonics of the basin
The NW-SE lineations are clear from the distribution of the basement rocks within the basin as well as the outcrops of the basement rock on the margin of the basin (Fig. 2) . Moribayashi and Maruo (1980) reported a gap in the depth of the basement rock across some lineations beneath the Pleistocene sediments, indicating that some of these lineations are or used to be active faults. From geomorphological analyses, the Thankot Fault (Asahi, 2003) , which contains the Chandragiri Fault (Saijo et al., 1995) , in the southwestern part of the basin has been recognized as an active reverse fault (Fig. 1) . However, this fault is recognized to contribute to the uplift of the Chandragiri Range, and its contribution to the basin subsidence appears to have been small or almost negligible (cf. Asahi, 2003) . The specific mechanisms for the Quaternary subsidence are still unclear. Some of the lineations could be active faults and are attributed to subsidence of the basin. Sakai and Gajurel (2012) identified a buried flexure around Mulpani (between Locs. 6 and 7 in Fig. 2 ) and suggested the presence of a fault that is still active or was active until soon after the end of the deposition of the Tokha Formation, because the top of the Gokarna Terrace (i.e., the top of the Tokha Formation) is higher to the east of Mulpani (around Loc. 7 of Fig. 3 ) than to the west (Fig. 3) , indicating the relative subsidence to the west of this lineation.
Method
A sedimentological survey was performed to reconstruct the spatio-temporal changes in the depositional environment ( discovery of seismic records in the sedimentary succession, (2) exposures are excellent and fresh due to active sand and silt mining, and (3) a nearly complete succession of the Tokha Formation can be observed at this site. The sediments of Loc. 9-1, which is located 300 m NW of Loc. 9, were also described to show the lateral extent of the beds with SSDs. The recurrence period was calculated from the number of discovered seismite, by which the duration of the Tokha Formation (20 to 17 ka in calibrated 14 C ages: Sakai et al. (2008)) was divided.
Results
SSD structures in the Tokha formation
The application of facies analysis for the Locs. 9 and 9-1 sediments resulted that all the sediments of this site were deposited on a delta plain environment (fluvial channel, marsh and shallow pond). A fluvial channel fill deposit (up to 1.5 m thick) consists of parallel stratified and trough cross-stratified gravelly sand. A marsh deposit (up to 2 m thick) is characterized by block-colored, rooted sandy silt or silt. Massive silt (up to 0.5 m) is interpreted as having been of a pond origin. At least twelve intervals with SSDs (interval A to L in Figs. 4, 5) were discovered. Four examples at Locs. 9 and 9-1 are described below.
Example 1 (Interval D at Loc. 9: Fig. 6) The interval containing deformed sediment is 0.6 m thick. The interval consists of three parts: basal massive sand (up to 5 cm thick), gray silt, and overlying blackcolored poorly sorted sandy silt. The boundary of the massive sand and the overlying silt is undulating. A small mud clast ("mc" in Fig. 6a ) at the base of the overlying silt penetrates into the massive sand without disturbance of the lower boundary of the sand. The silt can be divided into three portions (lower, middle and upper portions). The lower portion of the silt (ca. 0.1 m) contains small lenses and balls of fine to very fine sand and is convoluted (Fig. 6b) . A strongly stretched, thin, sandy silt layer marks the top of the lower portion. The middle portion appears to be massive and contains small sand and mud clasts (Fig. 6a) . The sand and mud clsats have rounded shape with diameters up to 2 cm. Some of the sand and mud clasts in this portion are flattened or stretched (sc in Fig. 6a) . The boundary between the middle and upper portions is unclear and is represented by a gradual change in color and grain size to become finer upward. There are many small cracks and wedges (of dm-scale depth: cf. Montenat et al., 2007, p.12) filled with black silt in the top of the silt. Some of the cracks and wedges were subjected to deformation after their formation (Fig. 6a) . The black sandy silt of the upper part contains small rounded mud clasts and covers the irregular top of the silt unit. This deformed interval (ca. 0.75 m thick) consists of basal massive sand and overlying silt (Fig. 7a) . The massive sand has an irregular base and top. Minor injection into the underlying silt is also recognized (Fig. 7b) . The silt is divided into a lower coarse silt portion and an upper fine silt portion. The base of the silt shows the flame-like features stretching downward (referred to as "anti-flame structures" herein) (Fig. 7b) . This structure appears to be fills of small cracks developed in the top of the sand altered to become flame-like by deformation of the walls of cracks and wedges. The top of the massive sand is ripped up into the overlying coarse silt (Fig. 7b) .
The lower portion of the silt is massive except for the stretched thin sand layer (less than 1 mm) in the middle and contains sand and mud clasts (Fig. 7a, b) . The upper portion of the silt is represented by the basal fine silt, in which there are horizontally stretched silt or sand lenses, the coarse silt containing small mud clasts and a deformed black coarser silt layer (Fig. 7a ). There are many oblique and vertical cracks and wedges in the top of the upper silt portion that are filled with black silt. The top of the silt is truncated by the gravelly sand layer of a fluvial channel.
Example 3 (Interval H at Loc. 9: Fig. 8) The characteristics of this deformed bed (ca. 0.6 m thick) are similar to those described above except for the absence of strongly stretched sand and silt lens. This interval hosts two massive coarse silt parts and an interbedded massive sand part (Fig. 8a) . Both of the coarse silt parts have an indistinct basal boundary (Fig. 8a) . Numerous small rounded mud clasts are scattered in the upper part of the massive sand and in the overlying upper coarse silt (Fig. 8b) . The rounded sand clasts, which seem to have been originated from the underlying sand are contained in the upper coarse silt (Fig. 8b) . The boundary of the massive sand and the upper coarse silt shows flame-like shape in some part (Fig. 8b) , revealing both the parts were under the liquefied state when this boundary deformation occurred. The mud clasts in the massive sand are, therefore, interpreted to have been originated from the overlying massive coarse silt. The top of the upper coarse silt is then overlain by the fine silt and its boundary is undulated. There are minor cracks in the fine silt (Fig. 8c) .
The graded and laminated silt containing small organic fragments, which cannot be seen in normal marsh deposits represented by black-colored, rootled sandy silt or silt, covers the deformed interval (Fig. 8a, c) . The plant fragments and small mud clasts are aligned parallel to the bedding plain in this silt part. This part may have been formed by suspension fallout in stagnated water with high silt concentration associated with earthquake tremor, which caused resuspension of less cohesive silt in a small pond.
Example 4 (Interval C at Loc. 9-1: Fig. 9 )
The fault-grading structure described firstly in Seilacher (1969) was discovered in silt of the interval C (0.1 m thick) at Loc. 9-1 (Fig. 9a) . The characteristics of the faultgrading structure here is similar to those in Seilacher (1969 Seilacher ( , 1984 ; the lower fault-graded (FG) part, in which fault displacement becomes smaller downward with gradational contact with the undeformed sublayer, the rubbled part (RP), in which breccia of the FG part silt are mixed with silty matrix, and the upper homogenized part (HP), consisting of massive silt with scattered small fragments of the FG part silt (Fig. 9b) .
Correlation of intervals with SSDs between Locs. 9 and 9-1
The intervals with SSDs described at Loc. 9 were correlated with those at Loc. 9-1 (Fig. 10) . The top of these two sections, which correspond to the top of the Gokarna Terrace, was horizontally correlated (Fig. 10) . The exposure containing the interval E at Loc. 9-1 is wide enough to allow direct visual correlation of this interval between two exposures. The basal part of the interval E at Loc. 9-1 is inclined and is represented by massive silty sand, truncating the underlying parallel and trough cross-stratified gravel beds (Figs. 10, 11 ). This inclination is the result of sliding when deformation occurred as suggested by the presence of slip face in the basal part of the interval. The deformed interval, associated with the sliding, is then truncated by the overlying fluvial channel fill deposit (Fig. 11) . There are minor gaps in level of the intervals F, G and K (ca. 0.5 -0.7 m) between these two locations. But such gaps can be explained by minor topographic relieves on the delta plain between the locations. The interval H may be missing at Loc. 9-1 because of erosion by fluvial channels (Fig. 10) . The intervals A, B, H and I could not be correlated because of the absence of the exposure at Loc. 9-1. These four intervals continue well within the exposure of Loc. 9. (e.g. Fig. 5 ). It is speculated that they could be correlatable with SSDs intervals in other exposures.
There is a thin SSDs interval (ca. 0.2 m thick) between the intervals J and K in the Loc. 9-1 succession. Because it was not found in other locations around Loc. 9 and 9-1, this interval was excluded from the calculation of the earthquake recurrence period.
Discussion
Origin of SSDs
Many studies have tried to deny nonseismic processes for the creation of SSDs such as slumps and rapid sedimentation to explain the SSDs formation (cf. Gajurel et al., 1998; Martín-Chiviet et al. 2011; Mugnier et al., 2011) , because there are no distinct single criterion to identify seismites (cf. Jones and Omoto, 2000; Montenat et al., 2007; Fortuin and Dabrio, 2008; Wallace and Eyles, 2015) . Wide extent of SSDs horizons is also one of important factors for seismite identification.
Major deformation structures discovered here were (1) massive sand, (2) massive coarse silt with numerous mud and sand clasts, (3) stretched sand and silt lenses, (4) fine silt with cracks and wedges and (5) convolute structure. These structures as well as other minor structures imply that liquefaction, fluidization and brittle and ductile deformation occurred when SSDs were generated.
These are lines of strong evidence for liquefaction of the massive sand. The penetration of mud clasts in the massive sand of Example 1 from above without deformation of base of the sand, and the injection of sand into the underlying silt in Example 2, indicate the liquefaction of these sand. The ordinary massive sand associated with liquefaction due to strong tremor shows upward injections in many cases. In this case, the strong compressional stress exerted in the overlying silt interval due to sliding (discussed below) may have retarded the upward injection of liquefied sand or evidence of the upward injection may have been erased by the sliding to be convoluted portion (the lower portion of the silt part in the Example 1) or to be horizontally stretched as thin sand layers (Examples 1 and 2) .
The coarse massive silt with sand and mud clasts is similar to the homogenized bed of Seilacher (1984) , the intraclast breccia layer of Agnon et al. (2006) and mud breccia unit of Sakaguchi et al. (2011) , which were interpreted as having been attributed to seismic ground motion, having caused Kelvin-Helmholtz instability between soft sediment layers (cf. Heifetz et al., 2005) . The coarse silt described in the Examples 1 -3 is different from those previously described in the following points: (a) the sand and mud clasts are rounded in this case: those in the previous description are angular in shape. Some of them are stretched to be sand and silt lenses, and (b) the massive coarse silt with sand and mud clasts is graded upward into the fine silt with cracks and wedges: the previously described SSDs layers are then covered with undeformed sediments deposited after deformation (cf. Seilacher, 1984; Agnon et al. 2006; Sakaguchi et al., 2011) . Therefore the Kelvin-Helmholtz instability model cannot be simply applied for this case.
The generation of coarse silt with sand and mud clasts may have been explained by brecciation of slightly less dense but cohesive silt and sand and mixing of the brecciated clasts (sand and mud clasts) with less cohesive silt (silt slurry) created by seismic tremor. The rounded sand and mud clasts and the stretched sand and silt within the coarse silt portion imply that they were moved and sheared within silt slurry; fluidization occurred below the fine silt.
The overlying fine silt contains cracks and wedges filled with black mud derived from above. These can be recognized as open cracks and wedges. Some cracks and wedges were observed in a sandy interval (Fig. 4) . Montenat et al. (2007) summarized the characteristics of thixotropic wedges that are developed in coarse-grained layers and are similar to the cracks and wedges in this case. Such wedges are attributed to the limited and periodical occurrence of liquefaction and subsequent sediment collapse (Montenat et al., 2007) . However, Montenat et al. (2007) suggested that the cracks and wedges should be discriminated from those of cryogenic origin in order to specify the seismic origin. In this case, the Kathmandu Valley was located in subtropical and temperate climate zones and the presence of ice wedges is not realistic (cf. Gayer et al. 2006) .
There was no agent causing strong tensional stress to create cracks and wedges as well as liquefaction of sand, The setting of a fluvial-dominated delta system allows us to exclude the effects of large waves (storms) from consideration. The correlation of SSDs intervals between Locs. 9 and 9-1 revealed that many of them were correlated between locations. Those which were not found at Loc. 9-1 because of outcrop loss and erosion by fluvial channel, also have exposure-wide continuation of intervals. All the SSDs here can, therefore, be recognized as seismites (see discussions in Mugnier et al. (2011) ).
In the silty SSDs reported in previous studies, the brittle deformation predominates in the lower part of the SSDs interval, and ductile or fluidization (homogenization) in the upper part due to deformation of less cohesive silty sediments (Seilacher 1969 (Seilacher , 1984 . Only Example 4 from the interval C shows deformation similar to those reported in previous studies (e.g. Seilacher, 1969 Seilacher, , 1984 Agnon et al. 2006) (Figs. 9, 12a) . On the contrary, almost all other intervals, including the interval C at Loc. 9, shows deformation different from the ordinary pattern mentioned above: fluidization in the lower coarse silt and brittle deformation in the upper fine silt (Fig. 12b) . (Figs. 8,  12b ). Evidence of ductile deformation was also observed in the transition from the coarse to fine silt as in Example 2. These facts obviously suggest that the upper brittly-deformed fine silt was compacted more than the fluidized lower coarse silt before they were deformed. This peculiar consolidation pattern may be explained by seasonal lake-level changes: near surface sediments may have experienced consolidation due to drying of the surface during the dry season. Sakai et al. (2001) The fluidized coarse silt with sheared sand and silt layers may have been responsible for minor sliding of the SSDs horizons, which introduced shear stress within the liquefied layer below the surface. In particular, the interval E obviously shows sliding of the beds. The Locs. 9 and 9-1 are close to the buried flexure (Fig. 3) , which was active during the Pleistocene (Sakai and Gajurel, 2012) and its activity could be the trigger of slidings. Tilting of the surface was the only possible trigger for sliding, because the environment of sedimentation was almost flat. This result suggests that sliding of the plain area could happen in conjunction with future large earthquakes centered around the Kathmandu Valley. As the future studies, the distribution of seismites hosting evidence of sliding within the valley should be specified for creation of the hazard map indicating the possibility of sliding as well as for the risk management of the plain area.
Scale of earthquakes
Seismites in location 9 are mostly 0.4-0.8 m in thickness except for the uppermost one, which is 0.2 m thick. Some parts of beds must have been lost due to sliding (as suggested by the presence of fragmented mud); thus, the initial seismite thickness may have been greater than presently observed. If we simply apply the empirical relationship between the intensity of tremors and seismite thickness (Hibsch et al., 1997) as applied by Gajurel et al. (1998) , most of the seismites may have been formed by events stronger than X on the MMI scale.
However, large deformation structures associated with the expulsion of a sediment-water mixture, suggesting large-scale liquefaction, have been documented in other cases (e.g. Montenat et al., 2007; Fortuin and Dabrio, 2008; Rossetti et al. 2011; Santos et al., 2012) , and such large structures were not observed in these examples. Most previously described seismites are associated with sand and coarse silt, but the major sediment type of these examples is fine and coarse silt, which shows deformation sturctures different from the previously described examples. Therefore, the intensity of tremors for the seismites described here should be carefully discussed on the basis of additional information such as their lateral extent.
The recurrence period of large earthquakes during the Tokha phase
For the estimation of the recurrence period of earthquakes based on the sediment records, the chronological control is crucial for obtaining the more reliable value (e.g. Agnon et al. 2006) . The ages of the lower and upper limits of the main body of the Tokha Formation (20 ka and 17 ka) are used for the recurrence period estimation and are suitable for its estimation due to the following reasons: (1) the lower limit, dated as 20 ka (17 ka in the uncalibrated age) was obtained from a well-preserved single pine cone collected from the base of the main body of the Tokha Formation (i.e. the age was obtained from the analysis of the ideal sample) and (2) the upper limit of the formation is also constrained by the oldest 14 C age of the Patan Formation (17 ka: Sakai et al. 2008) . Absence of unconformities and paleosols in this formation, suggestive of a continuous lake-level rise and sediment accumulation in the Tokha phase, is another suitable condition for the recurrence period estimation from this formation. The thickness of sediments between two seismites in the studied sections is almost constant (Fig. 5) , implying the nearly-constant time intervals between two large earthquakes.
In this study, at least twelve seismites were identified from the Tokha Formation. Dividing the time period of the Tokha Formation by the number of seismites provides a simple estimate of the recurrence period of earthquakes, which is about 0.25 ka. Because some part of the section is missing due to outcrop loss, the presence of other seismites is expected in the missing interval as the case of SSDs interval between J and K at Loc. 9-1 which was ignored in this paper: thus, the period of large-earthquakes may be shorter than this value. Mugnier et al. (2011) compiled historical earthquake records and showed that strong earthquakes with an MMI value larger than X occurred three times in the last 800 years. The time interval between the two major earthquakes of AD 1408 and 1934 is approximately 0.52 ka, but the time interval between the AD 1255 and AD 1408 events is about 0.15 ka. The average time interval of these earthquake events is 0.34 ka, which is close to the recurrence period obtained in this study. The value obtained in this study, 0.25 ka, for earthquakes that have intensity and magnitude strong enough to cause surface ruptures and sediment deformation in the muddy sediments of the basin seems to be appropriate, although additional detection of seismites is required to obtain a more reliable value for the recurrence period.
Conclusions
The seismic recurrence time has been estimated from the Pleistocene succession of the Kathmandu Valley. The estimated earthquake recurrence time based on interbedded seismites in the Tokha Formation is about 0.25 ka, which is almost equal to the average time intervals of the last three major earthquakes. The estimated recurrence time must be confirmed by future geologic studies in the Kathmandu Valley. Our study also revealed possibility of sliding of the plain area by minor tilting of the basin in conjunction with future large earthquakes. This phenomenon should be considered in the future risk management in Kathmandu Valley.
